Identifying ontogenetic shifts in habitat use by aquatic organisms is necessary for improving conservation strategies; however, our ability to designate life stages based on surrogate metrics (i.e., length) is questionable without validation. This study identified growth patterns of age-0 western painted crayfish Orconectes palmeri longimanus (Faxon, 1898) reared in the laboratory, provided support for field-based designations of age-0 lengths, and identified microhabitat factors important to adult and juvenile presence from field collections. Two growth periods of a laboratory crayfish population were described using a broken line model: a rapid, early-growth period (weeks 2-20, slope = 0.81 ± 0.03SE), and a slower, late-growth period (weeks 22-50, slope = 0.13 ± 0.03SE). A smoothed curve was generated to represent the size distribution of juveniles from our laboratory population to determine the probability that an age-0 crayfish from our laboratory population had a carapace length (CL) similar to that found in previous field studies using onset of maturity (22.4 mm CL). We determined that the probability of the age-0 crayfish in our summer laboratory population exceeding 22.4 mm CL was 0.06. The threshold between the lower 0.95 and upper 0.05 probabilities was 22.9 mm CL, confirming previous field observations of onset at maturity. We used this threshold to identify juveniles and adults from our field collections, and found that both life stages were positively associated with coarse substrate and negatively associated with water depth. Adults, however, were negatively related to gravel, whereas juveniles showed a positive relationship. This result is reflective of the relationship between crayfish body size and refuge use within the interstitial spaces of substrates, whereby adult crayfish are unable to seek refuge in the small interstitial spaces of gravel.
INTRODUCTION
Understanding how habitat use changes with ontogeny is beneficial to the conservation and management of a species. Many estuarine and freshwater fishes and crustaceans use nursery habitats as larvae or juveniles, then migrate to other habitat with ontogeny (Beck et al., 2001; Bilkovic et al., 2002; Gillanders et al., 2003) . For example, English sole Parophrys vetulus (Girard, 1850) and Dungeness crab Metacarcinus magister (Dana, 1852) either settle in or migrate to estuaries early in life and then migrate further offshore as they age (Gunderson et al., 1990) . Human alteration of nursery habitats can reduce densities of juvenile fishes and crustaceans, and negatively affect recruitment even when adult spawning habitat is not directly affected (Rozas and Minello, 1999) . Without understanding how different life stages use habitat, it is difficult to predict the responses of anthropogenic stressors on populations. For example, excess sediment is one of the top pollutants in freshwater streams (Pusey and Arthington, 2003) ; however, hydrologic conditions within the stream create non-uniform deposition of fine sediments on the stream bed (Dodds, 2002) . Combining this information with knowledge of suitable habitat allows us to make predictions about how * Corresponding author; e-mail: shannon.brewer@okstate.edu different species or life stages are affected by excess fine sediment.
Ecological studies often rely on an understanding of species growth or a surrogate metric related to growth (e.g., length at age) or ontogeny (e.g., juvenile versus adult). For example, production is a valuable metric to represent the success of a population at a given trophic level (Benke, 1993) including fishes (Waters, 1977) and crayfishes (Brewer et al., 2009) . Secondary production estimates nevertheless require knowledge of growth rates for each age cohort of each taxonomic group (Waters, 1977; Benke, 1979; Huryn and Wallace, 1987) but are lacking for many species. France et al. (1991) provide a good review of age cohort determination in crayfishes and include length-frequency histograms and size at the onset of sexual maturity. Lengthfrequency histograms have been used to differentiate age cohorts; however, there are some issues with this method. First, length-frequency histograms are subject to gear bias and may not represent the true age structure of the population (France et al., 1991) . Additionally, a minimum of 50 individuals per age cohort is needed for the analysis, and sampling efforts could not be capable of meeting the data requirements (MacDonald and Pitcher, 1979; France et al., 1991) . Size at onset of sexual maturity is a viable method of separating juvenile from adult cohorts, but this can be sensitive to environmental conditions among years and locations (France et al., 1991) . With any age-estimation technique, it is important that the aging method is validated for the study species (Beamish and McFarlane, 1983) .
The western painted crayfish Orconectes palmeri longimanus (Faxon, 1898 ) is a large (maximum carapace length (CL) about 46 mm), widely-distributed, lotic-dwelling crayfish. The species inhabits the United States west of the Mississippi River, south to Texas and as far north as Kansas (Taylor et al., 2007) . Orconectes palmeri longimanus habitat is described as flowing stream reaches with rocky substrate but the species is also found in intermittent pools (Creaser and Ortenburger, 1933; Metcalf and Distler, 1963) . In the Kiamichi River, Oklahoma, O. p. longimanus is thought to most frequently occur in pools throughout the year (approximately 80% of those sampled, Jones and Bergey, 2007) . Juvenile O. p. longimanus are reported to occur in pools as frequently as adults (Jones and Bergey, 2007) . Overflow areas, backwater pools, and vegetation along the stream margins are also considered habitat for juvenile O. p. longimanus (Cedar and Otter creeks, Kansas; Metcalf and Distler, 1963) .
Our study investigates laboratory growth patterns of age-0 O. p. longimanus and differential summer, diurnal habitat use of adult and juvenile O. p. longimanus from 24 streams. Previous distinctions between adult and juvenile field-collected O. p. longimanus are based on the size at the onset of sexual maturity (adults CL > 22.4 mm; Jones and Bergey, 2007) . The objective of our study was to identify growth patterns of age-0 O. p. longimanus reared in the laboratory, provide support for field-based designations of age-0 lengths, and identify microhabitat factors important to the presence of the species.
METHODS

Study Area
The Ouachita Mountain ecoregion is located in the southern portions of Arkansas and Oklahoma, USA (Fig. 1) . The geology of the ecoregion is Paleozoic sandstone, shale, and novaculite (Woods et al., 2005) . Soils are primarily medium textured, silty clay, and silty loam with moderate permeability (Hlass et al., 1998) . Vegetation is characterized by forests of oak (Quercus spp.), hickory (Carya spp.), and pine (Pinus spp.) and annual rainfall ranges 109 to 145 cm (Woods et al., 2005) . Primary land uses are recreation, agriculture, and logging (Woods et al., 2005) . Coarse-textured substrates dominate higher elevation Ouachita Mountain streams (Splinter et al., 2010) . Streams often have continuous flow in winter and spring with frequent flash flooding; however, during summer and autumn, streams often become intermittent with deep pools separated by high gradient, dry riffles (Jones and Bergey, 2007) .
Laboratory Study
Male and female crayfish were collected from three streams of the Ouachita Mountains and returned to the laboratory for a study conducted by Dyer et al. (2015) . We collected approximately 100 male and female crayfish from the Buffalo River (34.36981°N, 94.62202°W), Cow Creek (34.52401°N, 94.59320°W) and Rock Creek (34.51929°N, 94.58678°W). Orconectes p. longimanus were not collected for the purpose of rearing offspring, but we later discovered (about 4 weeks later) that four females were carrying eggs. Approximately 115 crayfish later hatched and were then reared in the laboratory for thirteen months.
After hatching, age-0 crayfish were housed in three, 125-l tanks with approximately 30 individuals per tank. At the end of summer 2013, crayfish were redistributed among tanks by size in an attempt to reduce cannibalism. All crayfish with a CL < 22 mm were placed in one tank and crayfish 22 mm were distributed between the other two tanks. There were approximately 12 crayfish per tank (35 total) at the conclusion of the study. Although bricks were placed in the tanks to provide refuge and crayfish were fed regularly, aggression and cannibalism were suspected to be the most common cause of mortality. During daily inspections, we occasionally found the partially devoured remains of recently molted individuals. Tanks were setup on a flow-through system to circumvent ammonia accumulation and water quality was checked daily (pH, ammonia). We drained and cleaned tanks weekly to remove solid wastes and prevent disease. Water temperature and light were allowed to fluctuate with the natural temperature and photoperiod regime. Crayfish were fed potatoes and carrots ad libitum and a protein source of frozen fish or bloodworms weekly.
The size distribution of age-0 crayfish was measured every other week. Carapace length (0.5 mm) was measured on each individual using a Vernier caliper. We did not distinguish individuals within the population.
Field Sampling
In summer 2011 and 2012, we qualitatively sampled crayfish and associated habitat in Ouachita Mountain streams. Twenty-six reaches of 24 streams were selected for sampling in the Ouachita Mountain ecoregion. We defined a reach as three pool-riffle sequences in perennial streams or three pool-dry sequences when streams were intermittent. When sample sites were near road crossings, we ensured that at least one pool-riffle sequence occurred between the road crossing and our sampling reach.
Microhabitat parameters were measured at each 1-m 2 location where crayfish were collected. We visually estimated the relative proportion of all size classes within each 1-m 2 quadrat. Substrate size classes were based on classifications by Kerr (1995) (particle diameter in parentheses): fine substrate (<8 mm), gravel (8-64 mm), coarse substrate (>64 mm), and bedrock (no particle diameter but solid rock that often covered large areas). Depth (1.0 cm) and water-column velocity (0.01 m/s) were measured at the center of each 1-m 2 quadrat using a wading rod and electromagnetic flow meter (Marsh McBirney, Fredrick, MD, USA).
We used a 1-m 2 quadrat sampler to collect three samples from each available channel unit. The quadrat sampler was constructed of 2.52-cm angle iron frame (1 m × 1 m × 0.5 m), three mesh panels and a 1.22-m deep mesh bag (2-mm mesh; DiStefano et al., 2003) . Our gear was similar to the quadrat sampler described by DiStefano et al. (2003) but we removed the lower cross bar to accommodate the large substrate found in the Ouachita Mountain streams (Fig. 2) . Sample locations were selected haphazardly to ensure they were spaced throughout the available habitat within the channel unit. This allowed us to avoid samples being located right next to one another and for us to represent a variety of available habitat conditions. We attempted to keep samples equal across channel units, but habitat size often dictated sample numbers (Table 1) . We sampled the wetted channel by removing coarse substrate from within the quadrat sampler while disturbing the stream bed and sweeping water downstream into the mesh bag. Dry channel units were sampled by excavating a 1-m 2 plot for 30 cm or until bedrock prohibited further excavation . Captured crayfish were identified to species, sexed and CL (0.5 mm) was measured.
Analyses
The growth trajectory of age-0 crayfish reared in the laboratory differed with ontogeny so we used a two-slope, broken-line model to characterize growth. The "segmented" package (version 0.5-1.2; Muggeo, 2015) in R statistical software (version 3.2.1; R Core Team, 2015) was used to fit a broken-line model to the CL measurements at each biweekly time interval. Several "break points" (where the slope changed) were tested using multiple iterations of the model and the best break point was estimated as the value with the lowest standard error (Muggeo, 2015) . The break point indicates the approximate time where crayfish growth rate changed (differences in slopes). Lines were fitted to the CL measurements before and after the break point and the slopes of those two lines were used to describe "early" and "late" growth of O. p. longimanus.
We compared the 22.4-mm CL threshold between juveniles and adults established by Jones and Bergey (2007) to our laboratory measurements of age-0 O. p. longimanus. Jones and Bergey (2007) used size at onset of maturity to delineate the separation between juvenile and adult crayfish. Because O. p. longimanus become sexually mature following their first summer (Jones and Bergey, 2007) , we will hereafter refer specifically to age-0 O. p. longimanus observed during the summer as juveniles. A smoothed curve was generated using the cumulative density function in R to represent the size distribution of juvenile crayfish from our laboratory Fig. 1 . The Ouachita Mountains, southeast Oklahoma (shaded). Major streams within the shaded portion are, from west to east, the Kiamichi, Little, Glover, and Mt. Fork rivers.
population. The bandwidth used for the cumulative density curve was calculated using the equation:
where s is equal to the standard deviation of laboratory measurements and n is equal to total number of laboratory measurements (Kvam and Vidakovic, 2007) . We then used the kernel smoothing function ("DiagTest3Grp" package in R, version 1.6; Luo and Xiong, 2014) to determine the probability that an age-0 crayfish from our laboratory population had a CL similar to that found by Jones and Bergey (2007) (>22.4 mm CL). We also used the cumulative density function to determine the threshold between the lower 0.95 and upper 0.05 probabilities. Using the CL threshold allowed us to exclude abnormally large crayfish (upper 0.05) that could have benefited from laboratory conditions (i.e., supplied food). Preliminary diagnostics were used to ensure our habitat data met the assumptions for multivariate analysis of variance (MANOVA). Multicollinearity (i.e., severe collinearity) of continuous variables was assessed using Pearson's product-moment correlation procedure. We considered variables to be multicollinear when |r| 0.28 (Graham, 2003) . Multivariate normality was then assessed using Mardia's multivariate normality test and the chi-square Q-Q plot in the "MVN package" in R (version 4.0; Korkmaz et al., 2015) . Continuous variables were either arcsine or squareroot transformed to achieve normality or reduce the influence of outliers (Ahrens et al., 1990) . Our data transformations corrected the influence of outliers, but not skewness; however, MANOVA is robust to this deviation (Finch, 2005) so we proceeded with the analysis. Velocity was omitted from the model because velocities > 0 m/s were rarely encountered in our samples (15 of 397 quadrats).
Data were analyzed using MANOVA and discriminate function analysis with the remaining habitat variables and the two independent response variables, adult presence or absence and juvenile presence or absence. We chose to use multivariate analyses to compare the habitat centroids among groups, because habitat is inherently multivariate (Hall et al., 1997; Calenge, 2007) . The remaining uncorrelated variables included in the final analyses were: water depth, proportion of gravel substrate and proportion of coarse substrate. We used Pillia's trace (V ) as our test statistic because it is considered to be the most robust and can be used to approximate the F -statistic (Finch, 2005) . We considered a main effect to be significant at α 0.10. Because MANOVA only indicates a significant difference in adult or juvenile presence, we used a discriminate function analysis to determine the linear relationship between adult or juvenile presence and each habitat variable (Field et al., 2012) .
RESULTS
Growth Rates
We observed clear patterns between early and late crayfish growth in our laboratory-reared crayfish. The break point was estimated at week 21 (between August 26 and September 12, 2013). The mean CL (± 95% CI) at week 20 was 19.48 ± 2.44 mm, and 19.96 ± 2.65 mm at week 22. Early growth (weeks 2-20) was rapid (slope = 0.81 ± 0.03SE) compared to weeks 22-50 (slope = 0.13 ± 0.03SE). The intercept of the model was 3.52 ± 0.31SE and the model explained 69% of the variation in our data.
Juvenile-Adult Threshold
Growth of our age-0 laboratory crayfish population suggested that the adult-juvenile threshold established in a field was appropriate. Jones and Bergey (2007) reported that the smallest sexually mature O. p. longimanus were >22.4 mm CL. We determined that the probability of the age-0 crayfish in our summer-laboratory population exceeding 22.4 mm CL was 0.94 and the probability of reaching a greater CL was 0.06. The threshold between the lower 0.95 and upper 0.05 probabilities was 22.9 mm. Because we measured CL at a 0.5-mm resolution throughout the study, we classified age-0 crayfish from our field samples as those 22.5 mm CL and O. p. longimanus >22.5 mm CL as age-1 crayfish. Habitat Use After applying our juvenile-adult threshold, we had 105 quadrats that contained juveniles and 39 quadrats with adult crayfish. Of the 24 streams sampled, most were intermittent (15 of 24), some were perennial (7 of 24) and few were dry (2 of 24). Samples were allocated across channel units based on availability (Table 1) . We captured O. p. longimanus in all but two streams (one dry and one intermittent). We captured only juvenile crayfish from seven streams (five intermittent and two perennial), but we never sampled adults from streams without juveniles. Slackwater habitats were the most frequently encountered and sampled habitats but we sampled O. p. longimanus from all available habitats.
Pearson's product moment correlations were used to identify multicollinearity among habitat variables. Bedrock was positively correlated with gravel (r = 0.45) and coarse substrates (r = 0.41). Coarse substrate was also positively correlated with fine substrate (r = 0.31). We chose to retain gravel and coarse substrates because we hypothesized those size classes to be most important for crayfish habitat based on existing studies (e.g., Rabeni, 1985; Gore and Bryant, 1990; Streissl and Hödl, 2002) .
Our MANOVA revealed a significant difference in habitat associated with juvenile and adult presence and absence (V 0.02, F 3,292 2.26, P 0.08). The resulting linear coefficients of the discriminant function analyses (β i ) indicated that juvenile and adult habitat use differed in their association with gravel substrate. There was a positive association of juveniles with gravel (β gravel = 2.06) whereas adults were negatively associated with gravel (β gravel = −1.48). Both juveniles and adults were positively associated with coarse substrate (β coarse = 1.34, β coarse = 1.72, respectively) and negatively associated with water depth (β depth = −1.46, β depth = −0.57). Despite the steep slopes associated with juvenile and adult presence and the arcsine transformed habitat variables, effect size of the MANOVA was very low (η 2 0.02). The average percent of gravel substrate (± 90% CI) associated with the presence and absence of juveniles was 34% (± 4%) and 30% (± 2%), respectively, and 24% (± 6%) for adult presence and 32% (± 2%) for adult absence. DISCUSSION We quantitatively determined a CL limit for juvenile O. p. longimanus, and validated previous determinations of a juvenile size distinction based on field observations. Our CL limit of 22.5 mm for juvenile crayfish was similar to that established by Jones and Bergey (2007) , who based their juvenile CL limit on the size at onset of maturity observed in the field. Valid sampling for determination of onset of maturity requires the timing of samples to coincide with age-0 crayfish molting into reproductive form, and equal detection probability among crayfish sizes (France et al., 1991) . Monthly samples by Jones and Bergey (2007) were able to meet these assumptions; however, monthly sampling can be too costly for an agency trying to meet multiple objectives with limited time and funds. Our analysis of O. p. longimanus growth rates suggest that detecting the size at onset of maturity can be done throughout the autumn months due to the slow growth rates following molting into the reproductive form. Although our study is specific to O. p. lonigmanus, we believe it validates the use of size at onset of maturity for designating juveniles from adults and can be useful for other Orconectes species in subtropical regions.
The crayfish in this study followed a stepwise growth pattern that is characteristic of crayfishes from subtropical latitudes. Orconectes p. longimanus is distributed in the subtropical region of the northern hemisphere (latitudes 30-40°N) and displayed both the short life span and the rapid growth rate expected of an r-selected subtropical species. Crayfish in our study reached sexual maturity about four months after hatching. Similarly, eastern Mexico and southeastern USA red swamp crayfish Procambarus clarkii (Girard, 1852 ) matured within its first few months of life and grew rapidly (Gherardi, 2006) . Crayfishes distributed at northern latitudes (40-60°N) often displayed k-selected strategies. For example, the signal crayfish Pacifastacus leniusculus (Dana, 1852) of the Pacific Northwest (USA) was not sexually mature until age three or four and the nobel crayfish Astacus astacus (Linnaeus, 1758) in Sweden was not reproductive until age six or seven (Abrahamsson, 1971 ). Although we did not study longevity, Gherardi (2006) indicated many subtropical species likely do not live to be >age 2. We did not have CL data from age-1 crayfish at the end of the second growing season; however, mean CL of the remaining age-1 O. p. longimanus in our laboratory (n = 28) was 31 mm in May 2014. Orconectes p. longimanus with CL > 40 mm captured in the field could have been age-2; however, we cannot say conclusively that age-1 crayfish were incapable of reaching CL > 40 mm. Our field data met the minimum sample size of 200 individual measurements suggested by France et al. (1991) for a CL frequency histogram, but the sample was biased toward age-0 crayfish. In fact, we only measured 56 crayfish with CL > 22.5. If an age-2 cohort was present, we did not meet the minimum sample size of 50 individuals per cohort suggested by MacDonald and Pitcher (1979) .
The constant hydroperiod (i.e., stable patterns of flow), steady feeding regime and high densities of crayfish in our laboratory study could have affected growth rates of O. p. longimanus. The intermittent Ouachita Mountain streams (Brewer and Dyer, 2014) have shorter hydroperiods than what O. p. longimanus experienced in the laboratory. Shorter hydroperiods reduce crayfish growth (Acosta and Perry, 2000) suggesting growth of our lab population could have been greater than what would be expected under field conditions. For example, the Florida crayfish Procambarus alleni (Faxon, 1884) inhabiting areas of the Everglades with longer hydroperiods had greater growth rates than those occupying areas with shorter hydroperiods (Acosta and Perry, 2000) . These authors attributed the slower growth rates of P. alleni to the reduced productivity and fauna biomass of areas with shorter hydroperiods. We also supplied laboratory crayfish with both vegetation and animal food items throughout the study that could have been beneficial to their growth. Shortened hydroperiods can reduce the availability of animal protein and force crayfish to forage solely on detritus (e.g., Alum Fork, AR, USA; Love et al., 2008) . Crayfishes consume both plant and animal protein in the wild; however, disproportionately more crayfish energy and growth is attributed to animal protein (Momot, 1995; Whitledge and Rabeni, 1997) . Additionally, our laboratory crayfish densities were higher than those observed in the field which could have reduced growth potential. In the field, we occasionally observed O. p. longimanus at densities 24 crayfish/m 2 , but the average density was 5 crayfish/m 2 . Crayfish in our laboratory study were initially held at 60 crayfish/m 2 , but mortalities reduced densities to 24 crayfish/m 2 at the conclusion of the study. Our high densities of crayfish in the lab could have negatively affected growth and certainly affected mortality during the study. We anticipated that we underestimated field-based densities of juveniles via reduced detection probability of these small crayfish and that holding the crayfish at higher densities would be appropriate. We attempted to accommodate for higher laboratory densities by providing an abundance of shelter and ensuring that food was always available. Although there were several possible confounding factors that could have influenced the growth of our laboratory population, it was unclear if crayfish growth was hindered or improved by laboratory conditions. We observed a relationship between substrate and crayfish body size; however, other factors could have also contributed to habitat use. Nyström (2002) indicated that interstitial spaces in the substrate were needed as refuge during molting, and substrate size was positively correlated with crayfish size in multiple studies (Foster, 1993; Nyström, 2002; Streissl and Hödl, 2002) . This was reflected in our finding that juvenile crayfish presence was positively related to gravel and coarse substrates, whereas adults were negatively related to gravel, but positively associated with coarse substrate. In a laboratory study, Dyer et al. (2015) found that smaller-sized O. p. longimanus could burrow readily in gravel or cobble substrates, but larger crayfish were unable to burrow as deep in gravel substrate (Dyer et al., 2015) . The weak predictive power of our MANOVA test suggested that other factors that we did not measure could have contributed to the habitat use of adult and juvenile O. p. longimanus. Other physicochemical conditions that we did not measure or include in our analysis could also be important to crayfish microhabitat use including water velocity, macrophyte cover (e.g., Rabeni, 1985) and interspecific competition (e.g., Hill and Lodge, 1994) . We excluded velocity from our models because velocity was almost negligible across sites at the time of sampling. Vegetated patches were rarely encountered (Table 1 ) and our data suggested adult and juvenile O. p. longimanus used similar habitats (except the lack of gravel used by adults). These variables could still be important to habitat use by this species at different temporal scales (i.e., seasonally). It would be beneficial if future studies incorporated water quality and biotic considerations (i.e., interspecific competition).
Our observations of summer, daytime habitat use may be related to predation risk by crayfish. We found adult and juvenile crayfish were negatively associated with deeper water. This could have been due to the presence of fish that were more effective predators in deeper water (e.g., smallmouth bass Micropterus dolomieui (Lacépède, 1802) (cf. Schlosser, 1987) ; green sunfish Lepomis cyanellus (Rafinesque, 1819), and creek chub Semotilus atromaculatus (Mitchill, 1818), (cf., Englund and Krupa, 2000) ). In small streams of central Kentucky, the abundances of the phallic crayfish Orconectes putnami (Faxon, 1884) and the Appalachian brook crayfish Cambarus bartonii (Fabricius, 1798) were negatively associated with depth in pools where predatory green sunfish and creek chub were present (Englund, 1999) . Smallmouth bass and green sunfish were observed in several of the streams at the time we sampled (J. Dyer, personal observation). Like adult O. putnami and C. bartonii, we hypothesized that O. p. longimanus probably did not adjust their habitat use in the presence of aquatic predators (Englund and Krupa, 2000) because the adults exceed the size preference of centrarchid predators (e.g., <22 mm CL for M. dolomieui; Probst et al., 1984) . Evidence of terrestrial predators (raccoon Procyon lotor Linnaeus, 1758) was nevertheless present and could have played a role in the association of adult O. p. longimanus with coarse substrate refugia (Englund and Krupa, 2000) . These habitat associations were reflective of summer, diurnal sampling, and may not be representative of cooler seasons or nights when predators may have been less active (e.g., Largemouth Bass Micropterus salmoides (Lacépède, 1802); Keast, 1968; Shoup et al., 2004) .
Gear limitations could have had some influence on the observed patterns. The quadrat sampler used in the field portion of this study could have been less efficient in deeper pools (approaching 0.5 m; DiStefano et al., 2003) and we suspect we were more efficient at detecting crayfish in dry samples than in wet samples. Larson et al. (2008) reported that substrate size in Rock Creek, Ozark Highlands, MO, USA did not affect the efficiency of detecting crayfish with a quadrat sampler; however, the substrate in Ouachita Mountain streams was significantly larger than substrate in the Ozark Highlands (Splinter et al., 2010) . In fact, we had to alter our gear to accommodate for the larger substrate. We completed a pilot study and found our alteration to the gear resulted in a better seal with the stream bed and thus more crayfish were collected. We suspect that the alteration improved our sample efficiency in coarse substrate; however, our efficiency could have been reduced when sampling larger substrates combined with deeper water. Although we acknowledge these possible shortcomings, our use of presence-absence data instead of abundance should alleviate this possible bias, particularly because the species was not rare.
We documented the growth patterns of age-0 O. p. longimanus and compared diurnal habitat use between two life stages during the summer. We were not able to provide a threshold to designate between possible age-1 and age-2 crayfish, but the data we present provide a starting point for future research. For example, we predicted 25.3 mm CL as the upper 95% confidence limit of age-0 crayfish at week 50 (April 11; Fig. 3) . Therefore, O. p. longimanus with CL > 25.3 mm, in the late winter, would likely be entering the age-2 cohort the following spring. These designations would be important to investigate secondary production of crayfish in Ouachita Mountain streams. We also found that O. p. longimanus frequently use shallow water and appropriately sized substrate for refuge. Future research focusing on the relationship between substrate availability and O. p. longimanus population dynamics would provide useful information for crayfish conservation. 
